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(57) Abstract: The invention, in its various aspects and 
205 embodiments, is a technique for controlling the opera- 
tion of a multi -chamber process tool in a semiconduc- 
tor fabrication process. An apparatus (100) comprises a 
multi -chamber processing tool (110) including an oper- 
ation controller (120), a review station (122), and a tool 
controller (130). Each process chamber (115) performs 
a predetermined operation defined by a plurality of op- 
erating parameters set by the operation controller (120). 
The review station (122) examines a physical character- 
istic of a processed wafer (105) from each of the process 
chambers (115) and outputs the results of the examina- 
tion. The tool controller (130) receives the examination 
results, determines whether the operating parameters of 
the process chambers (115) match, and instructs the op- 
eration controller (120) to reset at least some of the op- 
erating parameters to match the operating conditions in 
the process chambers (115). 
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WAFER MANUFACTURING CONTROL 
TECHNICAL FIELD 

5 This invention pertains to semiconductor manufacturing and, more particularly, to controlling the 

operational parameters of a multi-chamber process tool. 

BACKGROUND ART 

The semiconductor industry constantly seeks to increase quality, reliability and throughput in producing 
integrated circuit devices from these fabrication processes. The technologies underlying semiconductor processing 

10 tools have consequently attracted increased attention over the last several years, resulting in substantial 
refinements. Semiconductor devices, or microchips or integrated circuit devices, are manufactured from wafers of 
a substrate material. Layers of materials are added, removed, and/or treated during fabrication to create the 
integrated, electrical circuits that make up the device. The fabrication essentially comprises four basic operations: 
layering, patterning, doping, and heat treatment. Although there are only four basic operations, they can be 

15 combined in hundreds of different ways, depending upon the particular fabrication process. See, e.g., Peter Van 
Zant, Microchip Fabrication A Practical Guide to Semiconductor Processing (3d Ed. 1997 McGraw-Hill 
Companies, Inc.) (ISBN 0-07-067250-4). 

The fabrication process generally involves processing a number of wafers through a series of fabrication 
tools. This is broadly referred to as the "process flow." Each fabrication tool performs one or more of the four 

20 basic operations. The four basic operations are performed in accordance with an overall process to finally produce 
wafers from which the semiconductor devices are obtained. One important aspect of the manufacturing process is 
process control. In particular, the fabrication tools and the fabrication environment must be controlled to achieve a 
satisfactory process. Certain operational parameters may be monitored and, when desired, the tool's operation can 
be altered to improve the process to yield more or better wafers. 

25 Competitiveness in the semiconductor manufacturing industry is driven by increasingly complex product 

and process technologies and pressures on manufacturers to improve cycle time, quality, and process flexibility. 
Requirements for sub-quarter-micron device manufacturing and advanced batch control technologies are 
increasingly important. As wafer sizes increase and feature sizes shrink, equipment and facilities costs rise 
significantly. Advanced factory-level process control is now recognized as a vital technology for achieving the 

30 yield and productivity levels required to compete effectively, but its deployment has been limited to date by the 
lack of sufficient integration technology and standards. 

Traditional process control has been what is known as statistical process control ("SPC"). SPC usually 
detects only two types of process problems. An abrupt change in process behavior or incoming material will be 
flagged when one or two SPC data points fall near or outside the SPC control limits. For example, a shift in a 

35 process will be detected by SPC rules that look for four out of five points more than one sigma away from the 
process mean, or eight consecutive points all on one side of the process mean. SPC systems typically provide for 
corrective actions to be defined for each of their rules. Abrupt changes will elicit an indication that there is a 
problem, prompting for manual identification and resolution. Thus, one area in which to seek improvements is in 
process control. Each of the four operations listed above requires controlling numerous parameters, as does the 

40 overall fabrication process. 
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Despite the some advances made in this area, many of the processing tools that are currently commercially 
available suffer certain deficiencies. In particular, such tools often lack advanced process data monitoring 
capabilities, such as the ability to provide historical parametric data in a user-friendly format, as well as event 
logging, real-time graphical display of both current processing parameters and the processing parameters of the 
5 entire run, and remote, i.e, local site and worldwide, monitoring. These deficiencies can engender nonoptimal 
control of critical processing parameters, such as throughput accuracy, stability and repeatability, processing 
temperatures, mechanical tool parameters, and the like. This variability manifests itself as within-run disparities, 
run-to-run disparities and tool-to-tool disparities that can propagate into deviations in product quality and 
performance. 

10 However, the traditional SPC techniques are often inadequate to control precisely some operational 

parameters. Typically, SPC techniques set a target value, and a spread about the target value. The SPC techniques 
then attempt to minimize the deviation from the target value without automatically adjusting and adapting the 
respective target values to optimize the semiconductor device performance, as measured by wafer electrical test 
("WET") measurement characteristics, for example, and/or to optimize the semiconductor device yield and 

15 throughput. Furthermore, blindly minimizing non-adaptive processing spreads about target values may not 
increase processing yield and throughput. 

One example of this lack of control may be found in multi-chamber processing tools. Many fabrication 
tools contain multiple operation chambers, sometimes as many as six, conducting the same operation on different 
wafers. For example, a chemical vapor deposition ("CVD") tool might have six wafers undergoing treatment in six 

20 different deposition chambers. The deposition process should, ideally, result in wafers having the same critical 
characteristics. In the case of the CVD tool, each of the wafers in the various chambers should have matching 
refractive indices, thicknesses, stress, etc.. However, the operational parameters, eg., radio frequency ("RF") 
power, silane flow, N 2 0 flow, pressure, etc., for each chamber are manually set. 

Variations in the manual settings, even within specified ranges, and the timing of the settings can result in 

25 variations among the wafers. These variations then are passed on to the next operation in the process flow, thereby 
complicating control in the next operation. Typically, the variations in one operations yield variations in the next, 
and the imperfection ripples throughout the process flow. Even where the variations do not produce fatal defects 
requiring the resulting semiconductor devices to be scrapped, they may cause variations in device performance. 

The SPC techniques discussed above are proving ineffectual in dealing with this kind of problem, and the 

30 industry is looking for alternatives. One standard being formulated in the semiconductor fabrication industry is the 
Advanced Process Control ("APC") Framework ("APCFW"). The APC standard will provide run-to-run control 
of and fault detection in semiconductor processing equipment. However, the APC standard, although an 
improvement on traditional SPC techniques, also does not address the kind of inefficiencies and process difficulties 
discussed above. 

35 The present invention is directed to overcoming, or at least reducing the effects of, one or more of the 

problems set forth above. 

DISCLOSURE OF INVENTION 

The invention, in its various aspects and embodiments, is a method and apparatus for controlling the 
operation of a multi-chamber process tool in a semiconductor fabrication process. 
40 The method comprises setting a plurality of operation parameters for the conduct of a predetermined 

operation in each of a plurality of process chambers in a multi-chamber process tool; performing the predetermined 
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operation in each of the process chambers; examining a physical characteristic of a processed wafer from each of 
the process chambers; determining from the examined physical characteristics whether the operating conditions in 
each of the process chambers match; and resetting at least one operating parameter so that the operating conditions 
in each of the process chambers will match. 
5 The apparatus comprises a processing tool, a review station, and a tool controller. The processing tool 

includes a plurality of process chambers and an operation controller. Each process chamber is capable of 
performing a predetermined operation defined by a plurality of operating parameters. The operation controller is 
capable of setting the operating parameter for each of the process chambers. The review station is capable of 
examining a physical characteristic of a processed wafer from each of the process chambers and outputting the 
10 results of the examination. The tool controller is capable of receiving the examination result, determining whether 
the operating parameters of the process chambers match, and instructing the operation controller to reset at least 
some of the operating parameters responsive thereto to match the operating conditions in the process chambers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention may be understood by reference to the following description taken in conjunction with the 
15 accompanying drawings, in which like reference numerals identify like elements, and in which: 

Figure 1 illustrates semiconductor wafers being processed on a multi-chamber process tool, using a 
plurality of control input signals, in accordance with the present invention; 

Figure 2 illustrates a method for fabricating a semiconductor device practiced in accordance with the 
present invention; 

20 Figures 3-4 illustrate one particular embodiment of the tool in Figure 1; and 

Figure 5 depicts a fabrication process flow including several processing tools such as the one illustrated in 
Figures 3-4. 

While the invention is susceptible to various modifications and alternative forms, specific embodiments 
thereof have been shown by way of example in the drawings and are herein described in detail. It should be 
25 understood, however, that the description herein of specific embodiments is not intended to limit the invention to 
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of the invention as defined by the appended claims. 

MODE(S) FOR CARRYING OUT THE INVENTION 
Illustrative embodiments of the invention are described below. In the interest of clarity, not all features of 
30 an actual implementation are described in this specification. It will of course be appreciated that in the 
development of any such actual embodiment, numerous implementation-specific decisions must be made to 
achieve the developers' specific goals, such as compliance with system-related and business-related constraints, 
which will vary from one implementation to another. Moreover, it will be appreciated that such a development 
effort, even if complex and time-consuming, would be a routine undertaking for those of ordinary skill in the art 
3 5 having the benefit of this disclosure. 

Figure 1 illustrates one particular apparatus 100 with which the method 200 may be practiced. Figure 2 
illustrates one particular embodiment of a method 200 practiced in accordance with the present invention. For the 
sake of clarity, and to further an understanding of the invention, the method 200 shall be disclosed in the context of 
the apparatus 100. However, the invention is not so limited and admits wide variation as is discussed further 
40 below. 
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Figure 1 conceptually illustrates a lot of wafers 105 being processed through a multi-chamber process tool 
110. The multi-chamber process tool 110 may be any multi-chamber process tool known to the art, e.g., a 
deposition tool or a rapid thermal processing ("RTP") tool. Three wafers 105 are shown in Figure 1, but the lot of 
wafers, /.&, the "wafer lot," may be any practicable number of wafers from one to several thousand. The tool 110 
5 includes a plurality of process chambers 115 in which the wafers 105 are subjected to a predetermined operation 
defined by a set of operating parameters. The predetermined operation may be any operation known to the art and 
will be implementation specific in various embodiments. 

In the particular embodiment illustrated, there are two process chambers 115, although the invention is not 
so limited. As mentioned above, some multi-chamber process tools have as many as six chambers. The invention 
10 is not limited by the number of process chambers 1 15 so long as there are two or more. One or more wafers 105 
are placed in each processing chamber 115 in parallel so that the operations in the process chambers 115 are 
performed in parallel. Thus, two groups of wafers 105 are processed through the tool 110 at a time during this 
particular process flow. 

The tool 110 includes an operation controller 120 that sets, or controls, the operating parameters for a 
1 5 plurality of process chambers 115. The controlled operating parameters will be implementation specific dependent 
upon the operation performed in the process chambers 115. For instance, if the tool 110 is a chemical vapor 
deposition ("CVD") tool, the process chambers 115 will be "deposition chambers" in which a deposition operation 
occurs. If the tool 110 is a rapid thermal anneal ("RTA") tool, the process chambers 115 will be "ovens" in which 
an anneal operation occurs. Exemplary controlled operating parameters may include, for instance: 
20 • in a CVD oxide deposition tool, the deposition time and the ratio of low frequency to high 

frequency radio frequency ("RF") power, which affect the oxide thickness and stress, 
respectively; 

• in a metal deposition tool, deposition time or spacing between a wafer 105 and a target (not 
shown), which affect resistivity (or thickness) and uniformity, respectively; 

25 • in a CVD oxy-nitride film tool, the nitrous oxide (N 2 0) to silane flow, which affects the 

refractive index of the film; 

• in a passivation nitride film tool, RF power settings, which affect stress; and 

• in an RTA tool, the bulb power, or power to the bulbs, which affects the temperature profile and 
resistivity of wafers. 

30 As those skilled in the art having the benefit of this disclosure will appreciate, the control and output parameters in 
these operations differ, but are well known. The controlled operating parameters are values representative of 
operating conditions physically manifested in the process chambers 1 15, e.g., pressure or temperature, or evident in 
the operation's conduct, e.g., etch time. The relationship between the controlled operating parameters and the 
operating conditions can usually be readily deduced. 

35 The apparatus 100 also includes a review station 122. The review station 122, in the illustrated 

embodiment, is shown internal to the tool 110. However, as will be appreciated by those skilled in the art having 
the benefit of this disclosure, the review station 122 may be located external to the tool 110 in alternative 
embodiments. The scope of the invention is not limited by the location of the review station 122 relative to the tool 
110. The review station 122 examines the physical characteristics of the wafers 105 after processing in the 

40 chambers 115. More particularly, the review station 122 examines physical characteristics upon which the effects 
of the operating parameters are known. Exemplary physical characteristics include, for instance, the refractive 
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index of the wafer surface, stress resistance, and the thickness of deposited layers. These measurements are then 
output to the operation controller 115. Generally, the same physical characteristics are measured for the wafers 
105 coming from the different process chambers 115. 

The apparatus 100 also includes a tool controller 130, which is a programmed computer. The tool 
5 controller 130 performs the method 200 in Figure 2 discussed more fully below. In the particular embodiment 
illustrated, the tool controller 130 is programmed with a software application program implementing the method 
200. The application program is encoded on a hard disk 135 of the tool controller 130. However, the application 
program may be stored on any kind of computer-readable, program storage medium, such as an optical disk 140 or 
a floppy disk 145. 

10 As is evident from the discussion above, some features of the present invention are implemented in 

software with which the computer 130 is programmed, either in whole or in part. Thus, some features of the 
present invention are implemented as instructions encoded on a computer-readable, program storage medium. The 
program storage medium may be of any type suitable to the particular implementation. However, the program 
storage medium will typically be magnetic, such as the floppy disk 145 or the hard disk drive 135, or optical, such 

15 as the optical disk 140. When these instructions are executed by the computer 130, they perform the disclosed 
functions. Similarly, the computer 130 may be a desktop computer. However, the computer: 130 might 
alternatively be a processor embedded in the multi-chamber process tool 110. The computer 130 might also be a 
laptop, a workstation, or a mainframe in other embodiments. The scope of the invention is not limited by the type 
or nature of the program storage medium or computer with which it might be implemented. 

20 Thus,. some portions of the detailed descriptions herein are, or may be, presented in terms of algorithms, 

functions, techniques, or processes. These terms are the means used by those skilled in the art most effectively 
convey the substance of their work to others skilled in the art. These terms are here, and are generally, conceived 
to be a self-consistent sequence of steps leading to a desired result. The steps are those requiring physical 
manipulations of physical quantities. Usually, though not necessarily, these quantities take the form of electrical or 

25 magnetic signals capable of being stored, transferred, combined, compared, and otherwise manipulated. 

It has proven convenient at times, principally for reasons of common usage, to refer to these signals as 
bits, values, elements, symbols, characters, terms, numbers, or the like. All of these and similar terms are to be 
associated with the appropriate physical quantities and are merely convenient labels applied to these quantities and 
actions. Unless specifically stated otherwise, or as may be apparent from the discussion, terms such as 

30 "processing," "computing," "calculating," "determining," "displaying," or the like, used herein refer to the action 
and processes of a computer system, or similar electronic computing device, that manipulates and transforms data 
represented as physical (electronic) quantities within the computer system's registers and memories into other data 
similarly represented as physical quantities within the computer system memories or registers or other such 
information storage, transmission or display devices. 

35 Returning to Figure 1, the tool controller 130 transmits the value for controlled operating parameters to 

the operation controller 120 of the tool 110 over the line 125. The operation controller 120 then sets the 
appropriate controls of the of the process chambers 115 and the wafers 105 are processed in the chambers 115. 
The review station 122 then examines the physical characteristics of the processed wafers 105 and outputs the 
information to the operation controller 120. The operation controller 120 then transmits this information to the tool 

40 controller 130 over the line 125. Generally speaking, the operation controller 130 then analyzes output of the 
review station 122 to determine whether the values of the controlled operating parameters need to be reset to match 
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the conditions in the various process chambers 115. This examination/determination/reset is the implementation of 
the method 200 in Figure 2. 

Turning now to Figure 2, the method 200 is one particular embodiment of a method to control the 
operation of a process tool in a semiconductor fabrication process. The method 200 begins by setting a plurality of 
5 operation parameters for the conduct of a predetermined operation in each of the process chambers 115 in the 
multi-chamber process tool 1 10, as set forth in box 205. Next, the tool 110 performs the predetermined operation 
in each of the process chambers 115 under the direction of the operation controller 120, as set forth in the box 210. 
After the operation is performed, the review station 122 examines a physical characteristic of a processed wafer 
from each of the process chambers 115, as set forth in the box 215. Next, as set forth in the box 220, the tool 

10 controller 130 determines from the examined physical characteristics whether the operating conditions in each of 
the process chambers 115 match. When the determination indicates that the operating conditions do not match, the 
tool controller 130 instructs the operation controller 120 to reset at least one operating parameter so that the 
operating conditions in each of the process chambers 115 will match. 

As will be appreciated by those in the art having the benefit of this disclosure, a perfect match will 

15 seldom, if ever, be achieved. The ultimate goal is to achieve as high a uniformity as is practicable amongst the 
wafers 105 coming out of the various process chambers 115 so that the semiconductor devices produced from the 
wafers perform as uniformly as possible. Practice has shown that some variation in performance is tolerable. The 
amount of this tolerance will depend on a variety of factors, including the process used to produce the 
semiconductor device and the type of the device, e.g., a memory device or a processor. Thus, the term "match" as 

20 used herein means "match within production tolerance." 

Also - as will be appreciated by those in the art having the benefit of this disclosure, consideration will 
usually have to be given to tradeoffs in performance. More particularly, an action required to "match" one 
characteristic might cause another characteristic to become "unmatched." Thus, the consideration of whether there 
is a match and whether to alter controlled operating parameters should consider the affect such an alteration might 

25 have on other characteristics. 

Such consideration of other characteristics may be handled in a variety of ways. For instance, production 
tolerances might be broadened so that matches might be found across a wider range of conditions. Or, the 
definition of a match might be made conditional, e.g., "if characteristic A differs by less than x and characteristic B 
differs by less than y, then there is a match; otherwise, no match." Alternatively, the range of conditions which are 

30 considered a match might be stored in a knowledge base (not shown), and accessed to find whether a match exists. 
Such a knowledge base might be built from experimental observations made during "design of experiment" 
qualification of a new machine before it is placed into commercial production flows. The knowledge base might 
also include a range of characteristics that are not a match, thus providing a capability for identifying new 
operating conditions requiring additional consideration or study. In some embodiments, the consideration might be 

35 handled by artificial intelligence systems inferencing on such a knowledge base. Yet another, simpler, approach 
reduces the relationship between or among the various characteristics to a mathematical equation, and then have 
the process controller manipulate the characteristics to minimize the mathematical solution to that equation. 

Note that the approaches discussed above provide two notable advantages over conventional practice. 
First, various characteristics may readily be weighted relative to one another, e.g., a wider variation in one 

40 characteristic might be tolerated to achieve a narrower variation in another characteristic adjudged to be more 
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important. Second, it permits a systematic and consistent application of quantified judgment to achieve more 
uniform results. Still other advantages may arise in various alternative implementations of the present invention. 

As may be inferred from the discussion above, the method 200 may be applied either while the apparatus 
100 is in commercial production or in the qualification of the apparatus 100 for commercial production. For one 
5 thing, it will be desirable to obtain uniform production even on the first wafer lot, and the process parameters will 
need to be matched to do this. Also, some operational parameters will need to be set and matched prior to 
commercial production because, inter alia, the wafer inspection for that particular characteristic is destructive. On 
the other hand, it may be desirable to monitor the tool 1 10's production to maintain matched settings once the tool 
goes into a commercial process flow. The present invention may be employed in either circumstance. 

10 Each act in the method 200 is performed automatically, i.e., without manual intervention. The method 

200 consequently provides quicker, more efficient, matching of process parameters in each of the processing 
chambers of an multi-chamber process tool. However, as implemented on the apparatus 100, these advantages are 
further leveraged to address problematical and significant needs in the art. For instance, because the tool controller 
130 is, in the embodiment illustrated, a separate computer from the operation controller 120, the invention can be 

15 used to retrofit existing fabrication process equipment. Also, in embodiments in which the invention is employed 
in an APC system, such as those discussed further below, the invention provides desired flexibility, modularity, 
and scalability in a standards-based environment that presents a significant advance over the state of the art. 

An exemplary embodiment of the invention is illustrated in Figures 3-5, in which an apparatus 300 
comprises a portion of an Advanced Process Control Framework ("APCFW") system. The APC System is a 

20 distributed software system made up of interchangeable, standardized software components, permitting run-to-run 
control and fault detection/classification and implementing an architectural standard. It is standards-based, and is 
modeled on the architecture of the SEMATECH CIM Framework. The apparatus 300 includes one particular 
embodiment of the apparatus 100 in Figure 1, and like parts bear like numbers. The APC system uses the Object 
Management Group's ("OMG") Common Object Request Broker Architecture ("GORBA") - and 

25 CORBA_Services specifications for distributed object systems. The components communicate with each other 
using the CORBA Interface Definition Language ("IDL") interfaces. The cooperating software components 
manage process control plans/strategies; collect data from process equipment, metrology tools, and sensor(s); 
invoke various process control applications/algorithms with this information; and update process models and 
modify/download recipe parameters as appropriate. 

30 The apparatus 300 comprises a portion of an APC system 302 not otherwise shown. Figures 3-4 are 

conceptualized structural and functional block diagrams, respectively, of the apparatus 300. A set of processing 
steps is performed on a lot of wafers 305 by a fabrication tool 310. In this embodiment, the fabrication tool 310 
performs heat treatment operations, particularly deposition operations, like CVD. However, alternative 
embodiments may perform other operations as noted above. 

35 Referring now to both Figures 3 and 4, the fabrication tool 310 communicates with the rest of a APC 

system 302. The APC system 302 implements an APC manufacturing framework comprising a network of 
"integration components." "Integration components" are software implemented interfaces to existing factory 
systems and provide capabilities for running APC Plans that define various aspects of the process flow. One such 
integration component is the APC System manager 440 resident on the APC host computer 340. Other integration 

40 components include, but are not necessarily limited to the equipment interface 420 resident on the tool 310, the 
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machine interface 430 resident on the workstation 330, and the application interface 422 resident on the review 
station 322. 

In the present embodiment, the APC System manager 440 provides: 

• administrative, configuration, event, and state services for all servers developed for the 
APCFW. 

• definition, grouping, installation, and management of the components in the APC 
System. 

• centralized services for capturing activity and trace information, for diagnostic and 
monitoring purposes. 

• a centralized repository of component configuration information, including setup values, 
system environment settings, and lists of dependent objects and event channels. 

However, in alternative embodiments, these functions may be divided into one or more software components, e.g., 
a base manager, a system manager, a logger, and a registry. 

In this particular embodiment, the APC System also includes a Plan Execution Manager ("PEM") 450, 
which is the component primarily responsible for "choreographing" the operation of the APC System 302. This 
involves interpreting APC Plans, executing main scripts and subscripts, and invoking event scripts as events 
dictate. A variety of plans, scripts, and subscripts may be used in various implementations. For instance, the 
present embodiment includes, but is not limited to, the following plans: 

• data collection plan - a data structure used exclusively by a sensor interface and machine 
interface defined by the PEM 450, the requirements in which what data should be collected from 
a specific processing equipment, and how that data should be reported back to PEM 450; 

• duration plan - defines the trigger conditions and the delays when triggers (i.e., conditions that 
cause the tool's sensors to act upon, e.g., start data collection, stop data collection) happen; 

• reporting plan - defines what to do with the collected data, as well as when to signal the data's 
availability; and 

• sampling plan — defines the frequency at which the data is to be collected by the external sensor; 
However, the number and function of various plans, scripts, and subscripts will be implementation specific. 

The PEM 450 coordinates the execution of user-defined process control plans among all the integration 
components for a given fabrication tool, such as the tool 310. When instructed, the PEM 450 retrieves a plan and 
its associated scripts. It preprocesses subscripts to provide routines to main and event scripts. It also obtains a list 
of the capabilities necessary to execute the plan, as specified in the plan and connects to the proper integration 
components providing the required capabilities. 

The PEM 450 then delegates responsibility to run the plan to a Plan Executor ("PE") 422. The PE 422 
sequentially executes the plan and reports completion of the plan or errors in the execution of the plan to the PEM 
450. Thus, while the PEM 450 is responsible for the overall management of all plans executed, a PE 422 is 
responsible for running only one plan. The PE 422 is created by the PEM 450, exists for the life of the plan, and is 
destroyed by the PEM 450 after reporting that the plan is completed or aborted. Each PE 422 executes a main 
script and zero or more event scripts. The PEM 450 can start multiple plans concurrently via multiple Plan 
Executors. 

The machine interface 430 resides on the workstation 330. The machine interface 430 bridges the gap 
between portions of the APC System 302 (e.g., the APC system manager 440) and the equipment interface 420. 
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Thus, the machine interface 430 interfaces the fabrication tool 310 with the APC System 302 and supports machine 
setup, activation, monitoring, and data collection. The machine interface 430 primarily translates between specific 
communications of the equipment interface 420 and CORBA communications of the APC System 302. More 
particularly, the machine interface 430 receives commands, status events, and collected data from the equipment 
5 interface 420 and forwards them, as needed, to other APC components and event channels. In turn, responses from 
APC components are received by the machine interface 430 and routed to the equipment interface 420. The 
machine interface 430 also reformats and restructures messages and data, as necessary. The machine interface 430 
supports the startup/shutdown procedures within the APC System Manager 440. It also serves as an APC data 
collector, buffering data collected by the equipment interface 420 and emitting appropriate data collection events. 

10 Each of the integration components, e.g., the APC system manager 440, the equipment interface 420, the 

application interface 422, and the machine interface 430 are, in this particular embodiment, software-implemented. 
They are programmed in C++ using object-oriented programming techniques as are known in the art. In object- 
oriented programming, an object is a self-contained entity created in code that consists of both data and procedures 
to manipulate the data. Objects may be grouped into classes, with each class being defined by the properties 

15 common to all the objects in the class. Some objects may include properties not found in other objects within the 
same class. One common property used in defining a class are the methods employed by the objects of the class. 
A method is really the same as a procedure, function, or routine in commonly encountered in other, more 
traditional procedural programming languages. Thus, a method is a section of a program that performs a specific 
task. An object performs, or calls, a method when it receives a message from another object, regardless of whether 

20 that object is of the same class. 

The integration components rely on a common set of services to support their interaction. A standard set 
of distributed-object services are defined by the Object Management Group ("OMG"). Among these services are: 



25 



CORBA — the standard-based communications used for all direct component-to-component 
interaction. Standard interfaces can be defined according to an object-oriented, remote 
invocation communications model. These interfaces and all APC communications are. defined 
using IDL. Components communicate by invoking operations on each others interfaces. Data is 
passed between components as operation parameters and return values. 



30 



• 



OMG Event Service — supports asynchronous communications between components. Many of 
the APC objects emit events as they change state. These events are received by interested event 
subscribers. Examples of event usage within the APC system include, but are not limited to, 
communication component state (including error state), notification of fault alarms detected by 
fault detection and classification software, and reporting of machine status and collected data. 



40 



35 



• 



OMG Trading Services enables a component to find another component with which to interact. 
When a component is installed, a description of its services (a services offer) is exported to the 
Trading Service. Another component can later request a list of service providers that meet certain 
criteria. The Trading Service supplies a list of other components that can provide the requested 
service. That capability is used upon component startup to allow one component to find other 
components with which it must interact. It is also used upon Plan Startup when a Plan Execution 
component needs to find Capability Providers to provide the required capabilities specified in the 
plan. 
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These services are well known in the art. OMG's CORBA/IIOP Specifications document and CORBA Services 
Specifications documents are widely distributed among those in the art and provide greater detail 

Thus, in the particular embodiment illustrated, the APC system is a factory- wide software system, but this 
is not necessary to the practice of the invention. The strategies taught by the present invention can be applied to 
5 virtually any semiconductor fabrication tool on a factory floor. Indeed, the present invention may be 
simultaneously employed on multiple fabrication tools in the same factory or in the same fabrication process. The 
APCFW permits remote access and monitoring of the process performance. Furthermore, by utilizing the APCFW, 
data storage can be more convenient, more flexible, and less expensive than local drives. However, the invention 
may be employed, in some alternative embodiments, on local drives. 

10 Because the apparatus 300 is part of an APC system, the wafers 305 are processed on a run-to-run basis. 

A "run" may be a lot, a batch of lots, or even an individual wafer 305. Overall operation of the fabrication tool 310 
within the APC system is directed by an APC System Manager 440 resident on the APC host computer 340. . The 
APC System Manager 440 controls the fabrication process by implementing one or more "plans".- The method 
200, and variations thereon, are implemented on the tool 310 by the APC System Manager 440. The APC System 

15 manager 440, through a Plan Executor ("PE") 422, sends a Data Collection Plan ("DCPlan") to the application 
interface 422 before data collection begins at the review station 322. The DCPlan contains all the pertinent 
information for the data collection to the review station 322. The pertinent information may include duration plan, 
sampling plan, observables, triggers, and limits (i.e., the set-point or value defining the trigger). This pertinent 
information includes the identity of the physical characteristics of the wafers to be examined. The application 

20 interface 422 forwards the desired data from the process tool 3 10, in a predefined format and in predetermined time 
interval back to the PE 422 through the equipment interface 420. Multiple DCPlans can be executed in parallel, 
each with their own PE 442, and are managed by the PEM 450. 

Figure 6 depicts a fabrication process flow 600 including several processing tools such as the one 
illustrated in Figures 3-4. In this particular embodiment, the method 200 is implemented on several tools 310a-c 

25 during commercial production. The modularity, scalability, and flexibility of the exemplary embodiment 300 in 
Figures 2-4 is amply demonstrated. The single APC system manager on the APC host computer 340 can issue 
directives from a centralized location to each of the processing tools. The APC system also employs many 
standards. The modular integration components for each machine allow the APC system manager to manage the 
entire process flow. This is true even if the tools 310a-c are different kinds of tools performing different 

30 operations. 

The particular embodiments disclosed above are illustrative only, as the invention may be modified and 
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the details of construction or design herein shown, other than as 
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be 
35 altered or modified and all such variations are considered within the scope and spirit of the invention. 
Accordingly, the protection sought herein is as set forth in the claims below. 
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CLAIMS 

1 . An apparatus (1 00) for fabricating semiconductor devices , the apparatus (100) comprising: 
a processing tool (110) including: 

a plurality of process chambers (115), each capable of performing a predetermined operation 
5 defined by a plurality of operating parameters; and 

an operation controller (120) capable of setting the operating parameters for each of the process 
chambers (115); 

a review station (122) capable of examining a physical characteristic of a processed wafer (105) from each 
of the process chambers (115) and outputting the results of the examination; and 
10 a tool controller (130) capable of receiving the examination result, determining whether the operating 

parameters of the process chambers (115) match, and instructing the operation controller (120) to 
reset at least some of the operating parameters responsive thereto to match the operating 
conditions in the process chambers (115). 

2. The apparatus (100) of claim 1, wherein the processing tool (110) is selected from the group 
1 5 consisting of a deposition tool and a rapid thermal processing tool (110). . 

3. The apparatus (100) of claim 1, wherein at least one of the review station (122) and the operation 
controller (120) is internal to the processing tool (1 10). 

4. The apparatus (100) of claim 1, wherein at least one of the operation controller (120) and the tool 
controller (130) comprises a programmed computer. 

20 5. A method for controlling the operation of a process tool in a semiconductor fabrication process, 

the method comprising: 

setting a plurality of operation parameters for the conduct of a predetermined operation in each of a 
plurality of process chambers (1 1 5) in a multi-chamber process tool (1 1 0); 

performing the predetermined operation in each of the process chambers (115); 
25 examining a physical characteristic of a processed wafer (105) from each of the process chambers (1 15); 

determining from the examined physical characteristics whether the operating conditions in each of the 
process chambers (115) match; and 

resetting at least one operating parameter so that the operating conditions in each of the process chambers 
(115) will match. 

30 6. The method of claim 5, wherein the operating parameters include at least one of RF power, silane 

flow, N 2 0 flow, temperature, pressure, deposition time, spacing between the wafer (105) and the target, DC bias, 
and etch time. 

7. The method of claim 5, wherein the physical characteristics include at least one of oxide 
thickness, resistivity, uniformity, refractive index, stress, and temperature profile. 
35 8. A computer (130) programmed to control a wafer fabrication process, characterized in that the 

computer (130) is programmed to perform a method comprising: 

examining a physical characteristic of a processed wafer (105) from each of a plurality of process 

chambers (1 15) in a fabrication tool; and 
determining from the examined physical characteristics whether the operating conditions in each of the 
40 process chambers (115) match; and 
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resetting at least one operating parameter so that the operating conditions in each of the process chambers 
(115) will match. 

9. The programmed computer (130) of claim 8, wherein the programmed computer (130) is selected 
from the group consisting of one of an embedded processor, a desktop personal computer, a laptop, a workstation, 
and a mainframe. 

10. The programmed computer (130) of claim 8, wherein the operating parameters include at least 
one of RD power, silane flow, N 2 0 flow, temperature, pressure, deposition time, spacing between the wafer (105) 
and the target, DC bias, and etch time. 

11. The programmed computer (130) of claim 8, wherein the physical characteristics include at least 
one of oxide thickness, resistivity, uniformity, refractive index, stress, and temperature profile. 
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